Background: Concerns have emerged regarding a higher risk of stent thrombosis after drug-eluting stent (DES) implantation, especially in the setting of ST-segment elevation myocardial infarction (STEMI). Our objective was to perform a meta-analysis using individual patient data to evaluate the long-term safety and effectiveness of DES compared with bare-metal stents (BMS) in patients undergoing primary percutaneous coronary intervention for STEMI. Data Sources: Formal searches of electronic databases (MEDLINE and CENTRAL) and scientific session presentations from Study Selection: We examined all completed randomized trials of DES for STEMI. Data Extraction: Individual patient data. Data Synthesis: Individual patient data were obtained from 11 of 13 trials identified, including a total of 6298 patients (3980 [63.2%] randomized to DES [99% sirolimus-eluting or paclitaxel-eluting stents] and 2318 [36.8%] randomized to BMS). At long-term follow-up (mean [SD], 1201 [440] days), DES implantation significantly reduced the occurrence of target-vessel revascularization (12.7% vs 20.1%; hazard ratio [95% CI], 0.57 [0.50-0.66]; PϽ.001, P value for heterogeneity, .20)
T HE EARLY ADMINISTRATION of pharmacological and/or mechanical reperfusion therapies 1,2 and improvements in antiplatelet and anticoagulation agents [3] [4] [5] [6] have greatly contributed to the reduction in mortality achieved over the last 2 decades in patients with ST-segment elevation myocardial infarction (STEMI). In randomized trials, bare-metal stents (BMS) have been shown to reduce target-vessel revascularization (TVR) in STEMI, with rates of death and/or reinfarction comparable to balloon angioplasty. [7] [8] [9] However, these benefits may not be as profound in unselected patients with STEMI. 8 Drug-eluting stents (DES) have shown a further significant reduction in restenosis and TVR in patients without acute coronary syndromes compared with BMS. [10] [11] [12] [13] [14] Initial meta-analyses showed the efficacy and safety of DES at short-term follow-up in the setting of STEMI, [15] [16] [17] with no safety issues. However, concerns have emerged regarding a potentially higher risk of stent thrombosis (ST) with DES 18, 19 that might be even more pronounced among patients with STEMI, as suggested by a prospective registry. [20] [21] [22] Therefore, the aim of the Drug-Eluting Stents in Primary Angioplasty (DESERT) Cooperation was to perform a pooled patient-level meta-analysis of randomized trials to evaluate the risks and benefits of DES compared with BMS in patients undergoing primary percutaneous coronary intervention (PCI) for STEMI.
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METHODS
ELIGIBILITY AND SEARCH STRATEGY
To identify all completed, randomized trials comparing DES vs BMS in primary PCI for STEMI, we scanned the literature by formal searches of electronic databases (MEDLINE and CENTRAL) and the scientific session abstracts in Continuous data were expressed as mean (SD) and categorical data as percentage. The pooled odds ratio for categorical variables was calculated by using the Mantel-Haenszel method, whereas a weighted mean difference was used for continuous variables. 23 Data were pooled by fixed-effect method with generic inverse variance weight. The weight of the individual studies was measured as the inverse of the estimated variance of the log hazard ratio (HR) obtained with Cox proportional hazard analysis. Heterogeneity across trials was assessed by the I 2 statistic. We additionally performed survival analyses with the use of Cox regression analysis stratified according to trial. 5 The proportionality hazards assumption in Cox regression models was tested by using the Score test and Schoenfeld residuals. In case the proportionality assumption was not met, we used a Cox model with time-varying regression coefficients (piecewise timeconstant coefficients). 24 This means that the entire study period was split in a certain number of time intervals, and the effect of DES (HR) estimated within each of these intervals. The choice of the time intervals was based on estimates of fully time-dependent regression. Kaplan-Meier survival curves are presented with event rates reported as estimated probabilities. Results were considered statistically significant at P Ͻ .05 (2-sided), and Bonferroni correction was used to adjust for multiple testing. The study was performed in compliance with the Quality of Reporting of Meta-analyses (QUOROM) guidelines. 25 
RESULTS
ELIGIBLE STUDIES AND BASELINE CHARACTERISTICS
A total of 16 randomized trials 6, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] were initially identified. Two trials were excluded because of inclusion of both STEMI and non-STEMI patients. 29, 31 Three other trials were excluded because of small sample size 28 or investigator unwillingness to provide individual patient data 34, 40 (Figure 1 ). Therefore 11 trials were finally included in the meta-analysis, in which 6298 patients were randomized, including 3980 patients (63.2%) assigned to the DES group and 2318 patients (36.8%) assigned to the BMS group. Characteristics of the included trials are given in Table 1 . The length of clinical follow-up varied between 3 and 6 years.
In the Paclitaxel or Sirolimus-Eluting Stent vs Bare Metal Stent in Primary Angioplasty (PASEO) 33 and Basel Stent Kosten-Effektivitäts in Acute Myocardial Infarction (BASKET-AMI) 27 trials, patients were randomized at a ratio of 1:1:1 to BMS, SES, or PES. Routine angiographic follow-up was performed in the randomized study of Sirolimus-Eluting Stent vs Conventional Stent in Acute Myocardial Infarction (SESAMI), 35 the prospective randomized controlled trial to evaluate the efficacy of drugeluting stents vs bare-metal stents for the treatment of acute myocardial infarction (MISSION! Intervention Study), 37 and the Drug Elution and Distal Protection in ST-Elevation Myocardial Infarction (DEDICATION) study, 36 as well as in a subgroup of patients in the Trial to Assess the Use of Cypher Stent in Acute Myocardial Infarction Treated With Balloon Angioplasty (TYPHOON). 39 In the Har- Table 2 ; there were no significant differences observed between the 2 groups. The DES used were SES in 26.7%, PES in 72.3%, and zotarolimuseluting stents (Endeavor; Medtronic) in 1.0% of patients. No significant differences in baseline characteristics were observed between the 2 groups (Table 2 ). However, a significantly higher percentage of patients in the DES group were receiving dual antiplatelet therapy (aspirin and clopidogrel) during 3-year follow-up compared with the BMS group ( Table 3) .
STUDY END POINTS
Mortality
At long-term follow-up (mean [SD], 1201 [440] days), a total of 432 patients had died. No significant difference in mortality was observed with DES compared with BMS implantation (8.5% vs 10.2%, respectively; HR, 0.85 [95% CI, 0.70-1.04]; P = .11, P value for heterogeneity, .28) ( Figure 1) . Similar results were observed with Cox regression analysis stratified according to trial, where the proportionality of hazards was met (P = .46). There were no differences in cardiac mortality between DES and BMS implantation (data available from 9 trials including 5846 patients) (5.7% vs 6.8%, respectively; HR, 0.84 [95% CI, 0.65-1.09]; P = .19, P value for heterogeneity, .20).
Reinfarction
Reinfarction was observed in a total of 350 patients. As shown in Figure 2 , no significant difference in reinfarction was observed between DES and BMS implantation (9.4% vs 5.9%, respectively; HR, 1.12 [95% CI, 0.88-1.41]; P = .36, P value for heterogeneity, .37). However, the assumption of proportionality of hazards was not met (P = .01), and therefore we additionally used a Cox model with time-varying regression coefficients (piecewise timeconstant coefficients). In fact, as given in Table 4 , the HR changed across time, suggesting that at longterm follow-up (after 2 years from the beginning of the study) the reinfarction rate increased significantly for the DES group compared with the BMS group (HR, 2.06 [95% CI, 1.22-3.49]; P = .03).
Stent Thrombosis
Stent thrombosis, according to the ARC definition, was observed in a total of 267 patients (219 definite and 48 probable). As shown in Figure 3 , the long-term rate of ST was not significantly different between DES and BMS implantation (5.8% vs 4.3% respectively; HR, 1.13 [95% CI, 0.86-1.47]; P = .38, P value for heterogeneity, .94). However, the assumption of proportionality of hazards was not met (P = .04), and therefore we additionally used a Cox model with time-varying regression coefficients (piecewise timeconstant coefficients). In fact, as given in Table 4 , the HR changed across time, suggesting that at longterm follow-up (after 2 years from the beginning of the study), the rate of ST increased significantly for the DES group compared with the BMS group (HR, 2.81 [95% CI, 1.28-6.19]; P = .04).
Target-Vessel Revascularization
A total of 837 patients underwent a repeated intervention of the target vessel. As shown in Figure 4 
COMMENT
The present study represents, to our knowledge, the first meta-analysis reporting on long-term clinical outcome (mean [SD], 3.3 [1.2] years) of DES in the setting of primary PCI for STEMI based on individual patient-level data. The principal finding from our study is that among patients with STEMI undergoing primary PCI, compared with BMS, SES and PES are associated with significant and sustained reductions in TVR, without significant differences in ST, reinfarction, or death. Reductions in TVR were noted with DES in both the early and very late periods. However, we observed a significantly higher occurrence of very late reinfarction and ST with these DES compared with BMS. Early after its introduction, stenting had been avoided in the setting of STEMI because of concerns that implantation of a metallic device within a thrombotic environment such as that of a plaque disruption resulting in myocardial infarction might predispose to ST with resultant vessel occlusion. Vigorous anticoagulationnecessary to avoid ST-exposed the patient to the risks of bleeding and vascular complications. 41 However, following improvements in stent deployment techniques and advances in antiplatelet therapy, [4] [5] [6] 42, 43 numerous studies and randomized trials demonstrated the safety and efficacy of BMS in the setting of STEMI. [7] [8] [9] [44] [45] [46] Previous meta-analyses in patients undergoing primary PCI have shown the benefits of stenting compared with balloon angioplasty alone in terms of reducing TVR, though no definite impact on death or reinfarction was present. 9 However, restenosis rates after BMS implantation, in patients with STEMI are still high, especially in unselected patients with complex lesion morphology. 47 Several initial randomized trials have shown that, among patients without acute coronary syndromes, DES implantation is associated with a significant reduc-tion in restenosis and TVR. [10] [11] [12] [13] [14] However, concerns emerged regarding an increased risk of very late ST associated with DES implantation. [18] [19] [20] [21] [22] As most episodes of ST result in myocardial infarction, the increased rate of very late ST with DES implantation may have an impact on mortality, particularly after primary PCI in STEMI, since reinfarction is a major determinant of mortality. 47, 48 In a recent prospective multicenter primary PCI registry (PREMIER [Prospective Registry Evaluating Myocardial Infarction: Events and Recovery]), the use of DES rather than BMS was associated with a high risk of mortality within the first 6 months (presumably due to ST) in cases of early Table 1 footnote. discontinuation of dual antiplatelet therapy. 20, 21 In this regard it may be difficult to forecast future long-term patient medication compliance at the time of intervention for STEMI. 18 Several meta-analyses have been conducted in many settings on longterm follow-up data, showing contrasting results in terms of higher ST with DES, [49] [50] [51] [52] [53] [54] in particular in STEMI. However, in this specific setting, no concern has emerged so far in almost all the randomized trials, potentially because of underpowering.
The results of the present study, based on individual patients' data, provide strong evidence of the beneficial effects of SES and PES dur-ing primary PCI in STEMI. With follow-up as late as 6 years, a robust and sustained decrease in TVR was noted with use of these DES. Although the rates of late reinfarction and ST progressively increased, with the difference becoming statistically significant after 2 years in patients receiving SES and PES, the HR for mortality, while not significantly different between DES and BMS, favored DES.
The increase in very late reinfarction and ST in the DES group bears discussion. Similarly to our data, in a large report of patients with stable coronary artery disease undergoing elective stent implanta-tion, PES has been associated with an increased rate of very late myocardial infarction (Ͼ1 year) compared with BMS. 55 However, both experiences have also found no significant differences in survival between the BMS and DES groups, potentially because of the beneficial effects from preventing restenosis. 56 The lower mortality with DES use, despite the higher rates of late reinfarction and ST, may also be explained by the time-related prognostic impact of in-stent thrombosis. In fact, both early and late ST carry a worst prognostic on survival compared with very late in-stent thrombosis. 57 Source BASKET-AMI 27 Díaz de la Llera et al 32 Table 1 footnote.
Recent studies have shown that newer-generation DES (with thinner, fracture-resistant stent struts, and novel biocompatible polymers) are associated with significantly improved clinical outcomes and reduced ST rates. [58] [59] [60] Future randomized trials are needed to evaluate the safety and efficacy of these DES in the setting of primary PCI in STEMI, especially coupled with the benefits from more potent and/or p r o l o n g e d d u a l a n t i p l a t e l e t therapy. 61, 62 There are some limitations to this study. The patients enrolled in the current randomized trials were highly selected, with few patients having car-diogenic shock. Thus the conclusion of this meta-analysis cannot be extended to all patients undergoing primary PCI for STEMI. We were not able to obtain individual data from 2 randomized trials, including 920 patients. 34, 40 However, the inclusion of these 2 studies would have certainly not changed our conclusions, especially in terms of mortality. Availability of costs at discharge and at follow-up would have further improved our results. However, these data were not routinely collected in almost all trials. Approximately 5.5% of patients (n = 346) were lost to follow-up within the first 2 years (most of them [61%] from the TYPHOON study). In fact, long-term follow-up was not an end point in some of the included studies. However, the results did not change after the exclusion of these patients (data not shown). Even though clinically relevant, exact information on adherence/compliance to the prescription of dual antiplatelet therapy was not routinely collected.
Our study was certainly underpowered to show a statistically significant difference in mortality between the groups. In fact, based on the 3-year results (0.8% absolute mortality reduction), with a significance level (␣) of .05 and a statistical power of 0.8, we would have Table 1 footnote.
needed a population of 30 130 (19 084 with DES and 11 226 with BMS) to reach this end point. Finally, the results of the current analysis apply only to Cypher (SES) and Taxus (PES), as substantial randomized studies in STEMI have not yet been performed with newer DES. However, the huge number of patients treated worldwide with first-generation DES in the setting of STEMI in the last few years certainly support the high clinical relevance of our findings at longterm follow-up, especially concerning the potential prolongation of dual antiplatelet therapy.
In conclusion, the present metaanalysis, based on pooled patientlevel data from 11 trials with 6270 randomized patients, shows that among selected patients with STEMI undergoing primary PCI, compared with BMS, SES and PES, are associated with a significant reduction in TVR and target-lesion revascularization at long-term followup. Despite a slightly higher rate of very late reinfarction and ST with SES and PES compared with BMS, there were no significant differences in overall or very late mortality, with the point estimate favoring DES in all periods.
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